Objective: To investigate whether postconcussion syndrome (PCS) represents long-term sequelae associated with mild traumatic brain injury (mTBI). Methods: Prospective consecutive admissions to a Level 1 trauma hospital were assessed a mean 4.9 days and again 106.2 days post-injury. The final sample comprised 62 mTBI and 58 nonbrain injured trauma controls (TC). Change or lack of change in individual PCS-like symptoms and PCS was examined. Multilevel logistic regression was used to analyze whether mTBI predicts 3-month PCS (Time 2; T2); whether predictors of PCS (within 14 days of injury, Time 1; T1) predict 3-month PCS, and how change in these predictors from T1 to T2 were associated with change in PCS status. Variables included demographic, injury-related, financial incentives, neuropsychological, and psychiatric disorder. Results: MTBI did not predict PCS. PCS was comparable (T1: mTBI: 40.3%, TC: 50.0%; T2: mTBI: 46.8%, TC: 48.3%). At T2, 38.6% were new cases of PCS; between 30.8% and 86.2% reported either a new or more frequent symptom. A pre-injury depressive or anxiety disorder (OR ϭ 2.99, 95% CI [1. 38, 6.45]), and acute posttraumatic stress (OR ϭ 1.05, 95% CI [1.00, 1.00]) were early markers of PCS, regardless of mTBI. An interaction between time and posttraumatic stress disorder (PTSD) suggested the relationship between the severity of PTSD symptoms and PCS strengthened over time (OR ϭ 2.66, 95% CI [1. 08, 6.55]). Pain was related to PCS. Females were more likely than males to have PCS. Conclusion: The data suggest the phenomenon of PCS in trauma patients does not show an association with mTBI.
describe the symptom complex characterized by "headache, dizziness, irascibility, inordinate fatigue on effort, intolerance to intoxicants and vasomotor instability. . .due directly to the blow on the head" (Strauss & Savitsky, 1934, p. 954) . The operational definition of PCS symptoms from the International Classification of Diseases criteria for PCS (ICD-10; WHO, 1993) reflects this traditional constellation (Boake et al., 2004) . It is common in clinical and research practice to examine symptoms associated with PCS (individual PCS-like symptoms; Hoge et al., 2008; Vanderploeg, Belanger & Curtis, 2009) , and to classify PCS using symptom-based criteria defined by the number and/or frequency or total symptom scores (King, 1996; Landre, Poppe, Davis, Schmaus, & Hobbs, 2006; see McCauley, Boake, Levin, Contant, & Song, 2001; Meares et al., 2006; Meares et al., 2008; Schneiderman et al., 2008; Vanderploeg et al., 2009) . The term PCS is used in this paper, unless otherwise indicated, to denote a symptombased classification of PCS.
Complicating an understanding of the symptom picture is that PCS symptoms are not specific to mTBI (Iverson et al., 2007; Mittenberg, DiGiulio, Perrin & Bass, 1992) . A number of factors may contribute to individual PCS-like symptoms (Carroll, Cassidy, Holm, Kraus, & Coronado, 2004; Ponsford et al., 2000) . In acute and subacute (within 30 days) to chronic (after 30 days post-injury; McCrea et al., 2009 ) mTBI patients, studies examining psychological outcome following civilian and military mTBI report a relationship between psychological factors and PCS (based on a modified DSM-IV PCS criteria; McCauley et al., 2001) , between psychological factors and symptom-based PCS classification (e.g., King, 1996; Landre et al., 2006; Meares et al., 2006; Meares et al., 2008; Schneiderman et al., 2008) , and between psychological factors and PCS-like symptoms (Hoge et al., 2008; Vanderploeg et al., 2009) . Conversely, little relationship has been reported between neuropsychological performance and PCS (King, 1996; Landre et al.; Meares et al., 2006) . In a prospective study of hospitalized patients, we previously reported the presence of mTBI did not predict PCS at 5 days post-injury (Meares et al., 2008) . The variables most strongly related to PCS were a previous depressive or anxiety disorder and female sex. Pain was associated with early PCS in mTBI patients. Acute posttraumatic stress, neuropsychological function (response speed) and IQ were significant predictors of PCS.
In the current study we investigated a) the prospective course of individual PCS-like symptoms and PCS, and b) the relationship of pre-injury, injury-related, and post-injury factors to the longitudinal development of PCS. To address these questions, the first aim of the current research was to investigate change or lack of change in individual PCS-like symptoms and PCS, from hospitalization to the 3-month assessment. Second, we examined whether mTBI was predictive of 3-month PCS. Third, we explored whether factors that predict PCS within 14 days of trauma (Time 1; T1) also predict PCS at the 3-month assessment (Time 2; T2). Fourth, we investigated how change in these predictors from T1 to T2 was associated with change in PCS status. Recent research on the association between individual PCS-like symptoms and mTBI, and between PCS and mTBI suggest the presence of mTBI would not be associated with PCS (Hoge et al., 2008; Schneiderman et al., 2008) . On the basis of previous evidence that PCS is associated with emotional factors and pain, we anticipated that a pre-injury depressive or anxiety disorder (Luis, Vanderploeg, & Curtiss, 2003) , acute posttraumatic stress and pain would be early markers of PCS (Bryant & Harvey, 1999; Meares et al., 2006; Iverson & McCracken, 1997) . Posttraumatic psychiatric disorder (anxiety or depressive disorder, substance use, severity of PTSD symptoms) were expected to predict PCS at T2 (Bryant & Harvey, 1999; Fear et al., 2009; Hoge et al., 2008; Schneiderman et al., 2008; Vanderploeg et al., 2009) . Female sex and lower IQ were hypothesized to predict T2 PCS (Bazarian, Blyth, Mookerjee, He, & McDermott, 2010; Luis et al., 2003; Fear et al., 2009; McCauley et al., 2001; Ponsford et al., 2000) whereas age and the presence of pre-injury substance use were not. Given the evidence of a lack of relationship between acute neuropsychological function and PCS (King, 1996; Landre et al., 2006; Meares et al., 2006) , we hypothesized that neuropsychological performances would not be associated with PCS. Financial incentives were examined as a predictor of later PCS (McCauley et al., 2001 ).
Method Participants
Details of the methods reporting the patients' acute stage (within 14 days of injury) have also been published in Meares et al. (2008) . Consecutive trauma admissions were prospectively recruited between April 2004 and June 2006 from a Level 1 trauma hospital in Sydney, Australia if they had suffered a traumatic nonbrain injury or mTBI. Criteria for enrollment included: hospital admission within 24 hours of injury; initial assessment within 14 days post-injury; age between 18 and 65 years; IQ no less than 70; and adequate English language comprehension to allow for valid test administration. The criteria for mild uncomplicated TBI was based on the WHO definition of mTBI and included: (a) confusion or disorientation, loss of consciousness for 30 minutes or less, post-traumatic amnesia (PTA) for less than 24 hours, and/or other transient neurological abnormalities such as focal signs or seizure; (b) a GCS of 13 to 15 after 30 minutes, or on presentation to hospital.
Individuals were excluded if they had sustained a moderate to severe TBI including patients who met mTBI criteria and sustained an intracranial lesion (Kashluba, Hanks, Casey & Millis, 2008; Williams, Levin, & Eisenberg, 1990) ; had a physical injury due to self-harm; were currently psychotic; had preexisting cognitive impairment; were medically unable to participate (i.e., physical injuries prevented standard test administration); were an interstate or overseas visitor (to allow availability for 3-month follow-up); were pregnant to avoid possible pregnancy associated cognitive deficits, or were the subject of forensic investigation. Additional exclusion criteria at T2 included: follow-up greater than 5 months post-injury, and inadequate effort on testing at T2 based on a fail performance on the Word Memory Test (WMT; Green, Allen, & Astner, 1996) .
A total of 342 patients met the inclusion criteria (see Figure 1 ). Consent was obtained from 227 patients and 209 completed the T1 assessment. There were no significant differences between patients who consented and those who refused on sex, age, Injury Severity Score (ISS; American Association for Automotive Medicine, 1990) , or days hospitalized (see Meares et al., 2008) . Of the 209 patients, 153 were assessed at both time points. As is shown in Figure 1 , a further 33 cases were subsequently excluded because they failed to meet the inclusion criteria. Seven of these failed the WMT at T2; three were involved in litigation. The final sample comprised 120 (62 mTBI and 58 trauma controls; TC) patients, representing 57.4% of the initial sample and 35.1% of eligible patients, assessed a mean 4.9 (SD ϭ 2.72) days and again 106.2 (SD ϭ 14.9) days post-injury.
There were no significant differences between the patients included in the current analysis and those who were not in terms of the presence of mTBI, 2 (1, 209) 
Baseline and Follow-Up Assessment Measures
Classification of symptom-based PCS. As in earlier studies (Meares et al., 2006; Meares et al., 2008 ) a classification of PCS was made based on the presence and frequency of three or more current PCS-like symptoms (Boake et al., 2004; Boake et al., 2005) from ICD-10 PCS symptom criteria (Criterion C; WHO, 1993) . PCS-like symptoms were assessed using the Postconcussion Syndrome Checklist (PCSC; Gouvier, Cubic, Jones, Brantley, & Cutlip, 1992) . The 10-item PCSC was adapted to allow for equivalence with the ICD-10 PCS symptom criteria. Four symptoms were added and two omitted. The adapted PCSC contained the seven symptoms (fatigue, dizziness, poor concentration, memory problems, headache, insomnia, and irritability) from ICD-10 symptom criteria found to differentiate between mTBI and control groups at 1-month post-injury (Kashluba, Casey, & Paniak, 2006) . A symptom was regarded as clinically significant when endorsed as 3 (Often) and above, and was characterized as a current PCSlike symptom. At T1, patients were asked to rate the frequency of PCS-like symptoms since the accident using a 5-point rating scale (1 ϭ Not at all, 5 ϭ All the time). Using the same rating scale, at T2 they were asked to rate the frequency of symptoms in the last month.
Neuropsychological assessment. All patients were tested on neuropsychological measures selected on the basis of sensitivity to deficits, suboptimal effort, or to measure pre-injury IQ. Verbal new learning (Consistent Long-Term Retrieval; CLTR; Westmead Selective Reminding Test; Shores, Marosszeky, Sandanam, & Batchelor, 1986) , auditory response speed (Symbol-Digit Modalities Test, oral version; SDMT-oral; Smith, 1982) , and reaction time and information processing (Sequential Reaction Time 1; SE-QRT1; California Computerized Assessment Package; Miller, 1999) were assessed on both occasions with the same tests that were used as in earlier studies (Meares et al., 2006; Meares et al., 2008 ). An estimate of pre-injury Full Scale IQ (Wechsler Test of Adult Reading, WTAR; The Psychological Corporation, 2001) was obtained at T1 using reading combined with demographic variables from the WTAR. At T2, the WMT was administered. The WMT is a computerized measure of verbal learning and memory that contains a measure of effort. Failure was based on a score of 82.5% or below on Immediate or Delayed Recognition subtests or Consistency score (Green et al., 1996) .
Psychological assessment. Acute posttraumatic stress related to the traumatic injury was assessed at T1 with the Acute Stress Disorder Scale (ASDS; Bryant, Moulds, & Guthrie, 2000) . The ASDS provided two scores: a dissociative cluster score (ASDS-DISS) and a cumulative score from the sum of reexperiencing, avoidance, and arousal clusters (ASDS-Total). For uniformity with the previous report (Meares et al., 2008) , the ASDS was examined without the numbing and dissociative items because these items may directly overlap with amnesia associated with mTBI (Jones, Harvey, & Brewin, 2005) . The Alcohol Use Disorders Identification Test was used at T1 to screen for current alcohol consumption (Babor, Higgins-Biddle, Saunders, & Monteiro, 2001) .
To examine change in the severity of PTSD symptoms, the Clinician Administered PTSD Scale for DSM-IV (CAPS), a structured clinical interview was administered at T1 and T2 (Weathers, Keane, & Davidson, 2001 ). The CAPS demonstrates excellent reliability and validity and is sensitive to clinical change. Because of the difficulty in differentiating between amnesia due to TBI and psychogenic amnesia, the item "inability to recall an important aspect of the trauma" was omitted from the overall score (O'Donnell, Creamer, Bryant, Schnyder, & Shalev, 2003) . Therefore, at both assessments, overall symptom severity ratings of PTSD (PTSD-severity) were calculated from the sum of the scores of 16 core items.
As in the previous report (Meares et al., 2008) , the MiniInternational Neuropsychiatric Inventory, V.5.0.0 (MINI; Sheehan et al., 1998) was used at T1 to assess the frequency of pre-injury anxiety, depressive, and substance use disorders. The MINI involves a short diagnostic interview to investigate (all current and some lifetime) psychiatric disorders. All participants were initially administered the MINI screen. To allow a lifetime estimate of all disorders to be made, each screening question was worded to ask Have you ever experienced. . . . The relevant module was administered for those who scored positive to a screening question, and the time when the problem was at its worst was recorded. At T2 the MINI (screen and relevant module for those who scored positive) was administered to assess the prevalence of post-injury anxiety, depressive, and substance use disorders. Individual MINI diagnoses were combined to form categories to represent individuals with at least one pre-injury (pre-AXIS-1) and at least one post-injury depressive or anxiety disorder (post-AXIS-1), and at least one pre-injury substance use disorder (pre-SUBS) and at least one post-injury substance use disorder (post-SUBS). All interviews from the MINI and CAPS were digitally audio-recorded for quality control.
Procedures
All patients gave written informed consent. The study was approved by the Sydney West Area Health Service and Macquarie University Human Research Ethics Committees. Patients were identified through the weekday trauma list that included patients admitted on weekends. Four postgraduate-level psychologists, trained and supervised by two of the authors (RAB, SM), together with SM conducted the evaluations. Hospital records were used to record acute GCS and brain CT scan results. A normal brain CT scan was reported in 49 (79%) mTBI patients. Brain CT scan was not performed in 13 individuals. All 13 presented with an acute GCS of 15. Mode of injury and opiates administered at T1 and T2 were recorded. Opiate dosages at T1 were converted to oral morphine dose equivalents using a Narcotic Analgesic Converter (GlobalRPh.com, 2004) . Tramadol dosages were converted using suggested guidelines (Wall & Melzack, 1999) . Duration of PTA was estimated retrospectively by asking patients "What is the first event you can remember after the injury?" and "What happened next?" until their description reflected detailed and ongoing memories (Gronwall & Wrightson, 1980; Levin, O'Donnell, & Grossman, 1979) . Ambulance notes and hospital records were reviewed to confirm the details of memories described by patients. No participant was in PTA at the time of assessment. ISS (range: 1-75) developed from the Abbreviated Injury Scale (AIS) were made by two AIS-certified postgraduate-level psychologists (American Association for Automotive Medicine, 1990) . The ISS did not include the mTBI in the computation. At both assessments, patients estimated their pain levels on an 11-point rating scale (0 ϭ no pain, 10 ϭ pain as bad as it could be) (Jensen & Karoly, 2001) . At follow-up, 40% (mTBI: n ϭ 25; TC: n ϭ 23) of patients had initiated either litigation or potential compensation. All individuals were reimbursed $40.00 for their participation at the 3-month assessment. When necessary, patients were assessed in their home or at community mental health centers.
Statistical Analysis
MTBI and TC groups were compared on pre-injury, demographic, and injury-related variables. Prevalence rates in pre-injury and post-injury psychiatric disorder in mTBI and TC patients were examined. The effect of opioids on individuals who were prescribed opioids either at T1 or at T2 and those who were not, were compared on neuropsychological variables, PTSD-severity and pain. PTA in mTBI participants was investigated as a potential predictor of PCS. Frequency of PCS-like symptom endorsement at both time points was examined. MTBI and TC groups were compared to determine any change or lack of change in PCS status, and change or lack of change in individual PCS-like symptoms from T1 to T2. Mann-Whitney U tests were used for non-normally distributed continuous data, and chi-square analyses or Fisher's exact tests for categorical data. Bonferroni adjustment was applied for multiple comparisons where an alpha level of .004 was used to provide an overall rejection level of .05.
The main analyses were based on multilevel logistic regression. Multilevel models are suitable for repeated measures data and extend conventional regression to allow for correlation between repeated measurements over time in the same individuals (RabeHesketh & Skrondal, 2008) . The model used had two levels: patients (level 2) and multiple measurements (T1 and T2) per patient (level 1). Multilevel models make it possible to examine relationships between level 2 variables (e.g., stable patient characteristics such as sex, and injury type-mTBI and TC), and level 1 variables such as PTSD-severity, pain, and neuropsychological function that were measured at both times. In the dataset, each patient was represented by two observations, one for T1 and one for T2. Time was dummy-coded, zero on the T1 observation and one on the T2 observation. Effects of time could thus be tested using the time variable. We first used multilevel logistic regression to assess the relationship between patient characteristics at T1 and PCS at both times. We examined any interaction between patient characteristics and time in predicting PCS. Second, multilevel logistic regressions were used to assess whether change in patient characteristics from T1 to T2 was associated with change in PCS status. We examined the interaction between time and pain, time and PTSD-severity, and time and neuropsychological function to see if a change in these variables from T1 to T2 was related to a change in PCS.
Because the MINI and CAPS were introduced after data collection commenced, six individuals had incomplete MINI and CAPS data from both assessments. Multiple imputation was performed. The imputation model included all the variables that were to appear in the models plus other variables which were considered to be related to the variables whose values were to be imputed (e.g., demographic, injury-related variables; Schafer & Graham, 2002; Van Buuren, Boshuizen, & Knook, 1999) . Five samples containing imputed values were generated, and the results of multilevel logistic regression analysis performed on each data set were combined (Carlin, Galati, & Royston, 2008) . Significance was set at an alpha level of .05. PCS (at both times) was the dependent variable. Table 1 presents the mean patient characteristics and group comparisons for patients with mTBI and for TCs. Based on an alpha of .004, there were no significant group differences.
Results

Pre-injury, Demographic and Injury-Related Characteristics
Pre-injury Psychiatric Disorder and Posttraumatic Psychiatric Disorder
The prevalence rates of pre-injury and post-injury psychiatric disorder are shown in Table 2 . There were no significant differences between mTBI and TCs either pre-or post-injury either in individual MINI diagnoses or in diagnostic categories. One month prevalence rates in the Australian population are presented for comparison (Andrews, Henderson, & Hall, 2001 ).
Effect of Opioid Analgesia on Psychological and Neuropsychological Performances
At T1, 61.7% of patients (mTBI: n ϭ 37; TC: n ϭ 37) were administered opioids. There were no significant differences in either mTBI or TC groups between those who were administered opioids or those who were not on neuropsychological measures, pain, or PTSD-severity.
At T2, 13.3% (mTBI: n ϭ 3; TC: n ϭ 13) were prescribed opiates. There were significant differences between individuals who were administered opioids and those who were not, in SEQRT1 ( 
Change or Lack of Change in Individual PCS-Like Symptoms From T1 to T2
At T1, fatigue, insomnia, malaise, dizziness, and irritability were the most frequently endorsed symptoms; whereas at T2, fatigue, irritability, insomnia, anxiety, and headache were the most frequent symptoms. With alpha set at .004, significantly more TC than mTBI participants reported noise sensitivity at T1 (see Appendix) .
For the variables shown in Table 4 , there was no significant difference in the number of mTBI or TC in terms of whether they had a current symptom or not, at either time, apart from more mTBI than TC patients at T2 aggravated by noise, and more TC aggravated by noise at T1 who had recovered at T2, Fisher's (N ϭ 120) ϭ 12.078, p ϭ .004. Between 30.8% (25 of 41 with irritability) and 86.2% (25 of 29 with concentration problems) of patients reported either a new or more frequent symptom (see Table 4 ). That is, they had not endorsed the symptom as occurring at a frequency of 3 (Often) or more during their hospitalization.
PTA as a Predictor of PCS
There was no significant difference in duration of PTA between individuals with mTBI who were diagnosed with PCS (n ϭ 25) and those who were not (n ϭ 37) either at T1, Fisher's (N ϭ 120) ϭ 4.315, p ϭ .234, or at T2 (with PCS: n ϭ 29, without PCS: n ϭ 33), Fisher's (N ϭ 120) ϭ 1.098, p ϭ .798.
Prediction of PCS With the T1 Variables
MTBI and TC patients were combined for further analyses, but were differentiated by a grouping variable. For consistency with the previous report, one case with very large residual values was omitted (Meares et al., 2008) . The following covariates were examined: the mTBI and TC grouping variable, time, age, sex, Full Scale IQ, CLTR, SDMT-oral, SEQRT1, acute pain, ASDS-DISS, ASDS-Total, pre-AXIS-1, and pre-SUBS. Preliminary analyses were performed because it was not feasible to consider the interaction of all candidate variables simultaneously, given the number of subjects. Significant variables and interaction terms were entered into a final model (see Table 5 ). In order to minimize capitalization on chance, no model reduction process occurred. ASDS-Total and pre-AXIS-1 each measured at T1 were significant predictors of PCS at T2. In this model shown in Table 5 , effects were adjusted for all of the other variables in the model. The significant 2-way interaction showed that in the TC group, females were more likely than males to develop PCS, whereas in the mTBI group, females and males did not differ.
It is of note that both acute pain, OR ϭ 1.39, 95% CI [1.16, 1.68], and ASDS-DISS, OR ϭ 1.38, 95% CI [1.14, 1.66] were significantly related to PCS in preliminary analysis when bivariate analyses, adjusted only for the effect of group, were performed. Neither made a significant contribution after adjustment for other covariates in the model.
The Effect of Change in Predictors From T1 to T2 on Change in PCS Status
Multilevel logistic regressions were used to assess whether change in patient characteristics from T1 to T2 was associated with change in PCS status. While variables such as age and sex remained constant over T1 and T2, others such as neuropsychological performances, pain, and PTSD-severity differed over the two occasions of measurement. To maintain a relatively low ratio of No participant met criteria for dysthymia at follow-up. Panic Disorder includes those with and without agoraphobia. Agoraphobia is agoraphobia without panic disorder. Post-injury PTSD, specific to the traumatic injury was diagnosed using the Clinician Administered PTSD Scale for DSM-IV (CAPS; without the dissociative amnesia item). a Individual MINI diagnoses were grouped to form categories. MINI and CAPS diagnosis of PTSD was not included in the categories of Any anxiety disorder, or At least one affective or anxiety disorder. b DSM-IV 1-month population prevalence for marijuana abuse, marijuana dependence and at least one substance use disorder includes any harmful drug use/abuse, any drug dependence, and any substance use disorder. variables to sample size, two preliminary analyses were performed. First, a core group of covariates (the mTBI and TC grouping variable, age, sex, Full Scale IQ, financial incentives, and time) were entered with the neuropsychological variables (CLTR, SDMT-oral, and SEQRT1). Second, they were entered with pain and psychological variables (PTSD-severity, pre-AXIS-1, post-AXIS-1, pre-SUBS and post-SUBS). Interaction terms were examined to assess possible differences in the association of significant covariates (sex, pain and PTSDseverity) with PCS classification at both assessments. The significant 2-way interaction reported in the previous analysis where in the TC group females were more likely than males to develop PCS and in the mTBI group females and males did not differ, was not sustained. Significant covariates and a significant interaction term were entered into a final multivariable model (see Table 6 ). Females relative to males were associated with greater likelihood of PCS. A main effect of pain (measured at T1 and T2) was present. There was a significant 2-way interaction between time and PTSDseverity. With each unit increase in PTSD-severity at T2, there was a greater likelihood of PCS relative to each unit increase in PTSD-severity at T1. The effect of time when PTSD-severity was average indicated the likelihood of being diagnosed with PCS was 2.66 times greater at T2 than at T1, suggesting the relationship between PTSD-severity and PCS was stronger at T2 than at T1.
The results of unadjusted bivariate multilevel logistic regressions in Table 6 show that pre-AXIS-1 and post-AXIS-1 were significant predictors of PCS. Neither made a significant contribution after adjustment for other covariates.
Because the results are a weighted combination of within and between subjects, we carried out supplementary analysis (RabeHesketh & Skrondal, 2008) . The effects of within-subject changes in pain and PTSD-severity over time on the likelihood of PCS were similar to the effects of between-subjects differences on the likelihood of PCS.
The area under the receiver operating characteristic curve for the adjusted model shown in Table 6 was .87, 95% CI [.86, .89] indicating very good discrimination in predicting those with and without PCS.
Discussion
The purpose of this study was to investigate in hospitalized adult trauma patients whether PCS represents long-term sequelae associated with mTBI. Our first aim was to examine change or lack of change in individual PCS-like symptoms and PCS. There was considerable change in PCS status and symptoms over time. Change in classification and symptoms were not specific to mTBI patients but common to both groups. At 3 months, 38.6% of the 57 patients with PCS were new cases. Between 30.8% and 86.2% reported either a new or more frequent PCS-like symptom. Memory and concentration problems were the two symptoms in which the greatest change was reported. Consistent with expectation objective measurement of verbal memory, response speed, reaction time, and information processing did not reveal an association with PCS in study participants (King, 1996; Landre et al., 2006; Meares et al., 2006) . Subjective reports of new or worsening Note. T1 ϭ Time 1, within 14 days post-injury; T2 ϭ Time 2, 3-month assessment; PCS ϭ postconcussion syndrome; None ϭ patients did not report a current symptom either at Time 1 or Time 2; mTBI ϭ mild traumatic brain injury; TC ϭ trauma control; Memory ϭ memory problems; Concentration ϭ difficulty concentrating; Noise ϭ aggravated by noise; Malaise ϭ general malaise. Only PCS symptoms endorsed as 3 (Often), 4 (Very Often), and 5 (All the time) on the adapted Postconcussion Syndrome Checklist were considered to characterize a current symptom.
cognitive symptoms, not specific to mTBI patients, suggest nonbrain injury factors may be contributing to or exacerbating symptoms (Dikmen et al., 2010; Iverson et al., 2007) . Few other studies have examined change in PCS classification or in individual PCSlike symptoms over time. Rutherford, Merrett and McDonald (1979) reported 10 of 19 cases followed at 12 months from a larger sample of 131 patients had one or more PCS-like symptoms not present at 6 weeks post-injury. Dikmen et al. (2010) reported between 4% and 18% of 624 mixed severity of TBI patients endorsed a given symptom at 1 year that was not endorsed at 1 month post-injury. The current results suggest new or more frequent PCS-like symptoms may be reported earlier than at 12 months. This data challenges the assumption that PCS-like symptoms persist, when in fact they may vary over time. We examined whether mTBI was predictive of 3-month PCS, and whether factors which predict early PCS (within 14 days of injury) were associated with 3-month PCS. We further explored how change in these predictors from hospitalization to the 3-month assessment was related to change in PCS status. The presence of mTBI was not predictive of PCS. The current results indicate a classification of PCS was not specific to mTBI at around 5 days (mTBI: 40.3% vs. TC: 50.0%), or at 106 days (mTBI: 46.8% vs. TC: 48.3%) post-injury. The incidence of PCS at both times was similar. The relatively high incidence of PCS was not because the classification was based on liberal inclusion criteria. Only individuals who endorsed three or more symptoms rated as Often and above were included. The results support previous reports suggesting a high frequency of PCS in trauma patients with and without mTBI (Boake et al., 2005; Dikmen et al., 2010; Meares et al., 2006) .
A pre-injury depressive or anxiety disorder and acute posttraumatic stress at around 5 days post-injury were significant predictors of PCS at the 3-month assessment, and this identifies a pre-injury depressive or anxiety disorder and acute posttraumatic stress as early markers of PCS. These findings contribute to the existing literature examining differences in premorbid psychological adjustment in mTBI individuals (Robertson, Rath, Fournet, Zelhart, & Estes, 1994) , and the relationship between pre-injury affective disturbance, social adversity and PCS-like symptoms (Cicerone & Kalmar, 1997) and PCS (symptom-based criteria, Fenton, McClelland, Montgomery, MacFlynn & Rutherford, 1993; modified DSM-IV criteria, McCauley et al., 2001) . Pre-injury psychiatric difficulties have also been associated with longer-term PCS in male, community dwelling veterans, with and without a history of mTBI (Luis et al., 2003) . Consistent with other research reports O'Donnell, Creamer, Pattison, & Atkin, 2004) , there was a high rate of pre-injury and post-injury psychiatric disorder in mTBI and trauma controls in comparison to Australian population controls (Andrews et al., 2001 ). This pattern highlights that studying the effects of mTBI in traumatic injury survivors requires careful consideration of prior psychological functioning.
The interaction between time and PTSD symptom severity suggests 3-month PTSD symptoms are more strongly associated with PCS than acute PTSD symptoms. Acute PTSD symptoms associated with neurobiological change as a response to trauma may be amplified over time (Marx et al., 2009) . Acute symptoms may lead to a more difficult posttrauma adjustment, which may further aggravate or produce PTSD symptoms (Bryant & Harvey, 1999; Marx et al., 2009 ) and subsequently influence the reporting of individual PCS-like symptoms. The current data is in accord with reports of functioning in military combat personnel after deployment being associated with PTSD and common mental health symptoms (Fear et al., 2009; Hoge et al., 2008; Schneiderman et al., 2008) .
The finding that pain was associated with PCS may reflect the nonspecificity of PCS-like symptoms. That is, PCS-like symptoms are frequent in chronic pain patients (Iverson & McCracken, 1997) , and in those with PTSD (Bryant & Harvey, 1999) . A small but significant proportion of individuals (13%) who were prescribed opioids at follow-up had severe pain, greater PTSD symptom severity, and slowed reaction time. It is common for PTSD and pain to be comorbid in military and civilian trauma populations, with and without mTBI (Nampiaparampil, 2008) . Pain and PTSD may mutually maintain each other (Sharp & Harvey, 2001) . Peritraumatic pain is a risk factor for later PTSD (Norman, Stein, Dimsdale, & Hoyt, 2008) , and pain and PTSD play an important part in the mutual maintenance of symptoms in the first six months after traumatic injury (Jenewein, Wittman, Moergeli, Creutzig, & Schnyder, 2009) . It is also possible that the increased attention to physical sensations, which is heightened in chronic pain patients (Van Damme, Legrain, Vogt, & Crombez, 2010) , results in greater attention to somatic symptoms and may lead to increased endorsement of individual PCS-like symptoms. Taken together, these reports and the current results suggest the inclusion of measures of pain intensity in future research with PCS is indicated. Future research may also benefit from the use of more complex pain measures in examining the association between PCS and the multidimensional aspects of pain (Asmundson & Hadjistavropolous, 2006) . A significant difference present in the TC group where females were more likely than males to develop PCS and where females and males in the mTBI group did not differ was not sustained during further analyses. Instead, females were more likely to have PCS irrespective of injury status. The former interaction has not been reported previously, and is worth noting for future research. Other reports suggest females are vulnerable to PCS (Bazarian et al., 2010; Fear et al., 2009; McCauley et al., 2001; Ponsford et al., 2000) . These reports have examined PCS in females with mTBI (Bazarian et al., 2010; Ponsford et al., 2000) , or have not differentiated between females on the basis of injury status (McCauley et al., 2001) . Women are twice as likely to develop PTSD as men (Breslau, Davis, Andreski, Peterson & Schultz, 1997) . The greater prevalence of PTSD in women may be associated with different neural processing of anxiety-related information (Felmingham et al., 2010) . We have previously proposed that sex differences in PCS may be due to the greater tendency for females to suffer posttraumatic stress symptoms (Meares et al., 2008) .
Using a longitudinal design, we did not find an independent association between mTBI and PCS. Other research has reported associations between mTBI and individual PCS-like symptoms and symptom clusters (headache, Hoge et al., 2008; memory, headache, and sleep, somatic and DSM-IV clusters, Vanderploeg et al., 2009 ). Similar to other research, financial incentives were not related to 3-month PCS (modified DSM-IV criteria, McCauley et al., 2001) . Additionally, substance use was not associated with PCS. Longer-term follow-up may find associations between financial incentives, substance use, and PCS (Ponsford, Whelan-Goodinson, Bahar-Fuchs, 2007) . Intellectual capacity was also not associated with PCS, whereas others have reported lower intellectual ability is linked with longer-term PCS in male communitydwelling veterans (Luis et al., 2003) .
The sample size was relatively small, and replication of these results is advisable. Selection bias was possible given the small sample size. The study inclusion rate, however, is comparable with that of other studies examining hospitalized trauma patients (Boake et al., 2005; Norman et al., 2008) . Furthermore, there was Pre-AXIS-I was dummy coded as an absence of either a pre-injury anxiety or depressive disorder as the reference category. Post-AXIS-I was dummy coded as an absence of either a post-injury anxiety or depressive disorder as the reference category. Pre-SUBS was dummy coded as an absence of a pre-injury substance use disorder as the reference category. Post-SUBS was dummy coded as an absence of a post-injury substance use disorder as the reference category. Financial incentives were dummy coded with no litigation or potential compensation as the reference category. Time is the effect of time when PTSD-severity is centered and the mean is zero. PTSD (Time 1) shows the effect of PTSD-severity when the patient was assessed within 14 days of injury. PTSD (Time 2) shows the effect of PTSD-severity when the patient was assessed at follow-up.
no evidence of bias between patients included in the current study and those who were not due to differences in demographic, injury characteristics, or PCS classification. We did not record at the 3-month assessment whether patients were prescribed other medication such as anxiolytics. Future research may further examine the association of psychotropic medication with neuropsychological and psychological functioning and PCS. Patients were limited to inpatient trauma survivors of mostly motor vehicle accident, assault, and fall, and the results may not apply to other trauma populations. These limitations notwithstanding, the prospective longitudinal design, objective measures of neuropsychological and psychological function, and a well matched trauma control group provide evidence suggesting a pre-injury anxiety or depressive disorder and acute posttraumatic stress are early markers of PCS in traumatic injury patients, regardless of mTBI. The identification of the role of posttraumatic stress and pain in the maintenance of PCS suggests that addressing psychological factors may facilitate reduction of PCS. Overall, the data suggest the phenomenon of PCS does not show an association with mTBI.
